The most important component of the upper esophageal sphincter (UES) is the cricopharyngeal muscle. During the measurement of sphincter pressure the catheter passed through the sphincter affects the pressure value. In Chagas disease and primary achalasia there is an esophageal myenteric plexus denervation which may affect UES pressure. We measured the UES pressure of 115 patients with Chagas disease, 28 patients with primary achalasia and 40 healthy volunteers. We used a round manometric catheter with continuous perfusion and the rapid pull-through method, performed in triplicate during apnea. Pressures were measured in four directions, and the direction with the highest pressure (anterior/posterior) and the average of the four directions were measured. The highest UES pressure in Chagas disease patients without abnormalities upon radiologic esophageal examination (N = 63) was higher than in normal volunteers (142.8 ± 47.4 mmHg vs 113.0 ± 46.0 mmHg, mean ± SD, P<0.05). There was no difference in UES pressure between patients with primary achalasia and patients with Chagas disease and similar esophageal involvement and normal volunteers (P>0.05). There was no difference between patients with or without esophageal dilation. In the group of subjects less than 50 years of age the UES pressure of primary achalasia (N = 21) was lower than that of Chagas disease patients with normal radiologic esophageal examination (N = 41), measured at the site with the highest pressure (109.3 ± 31.5 mmHg vs 149.6 ± 45.3 mmHg, P<0.01) and as the average of the four directions (64.2 ± 17.1 mmHg vs 83.5 ± 28.6 mmHg, P<0.05). We conclude that there is no difference in UES pressure between patients with Chagas disease, primary achalasia and normal volunteers, except for patients with minor involvement by Chagas disease, for whom the UES pressure at the site with the highest pressure was higher than the pressure of normal volunteers and patients with primary achalasia.
Introduction
The most important component of the upper esophageal sphincter (UES) is the cricopharyngeal muscle (1-3) with the adjacent portions of the cervical esophagus muscle and the inferior pharyngeal constrictor muscle contributing to the sphincter function. This high pressure zone at the pharyngeal-esophageal transition presents changes in pressure with stress (4), sleep (5), pharyngeal stimulation with water (6), intraesoph-ageal balloon distention (7, 8) , intraesophageal air infusion (9) , anesthesia (10) , respiration (5) , and the movement of a catheter inside the sphincter (7, 10) .
UES pressure is controlled by the central nervous system through the vagus nerve (6, 11) in response to sensory input from the oropharynx and esophagus and also directly by the central nervous system (11) .
Primary achalasia, of unknown etiology (12, 13) , and Chagas disease, caused by the flagellate protozoan Trypanosoma cruzi (14, 15) , cause a loss of esophageal myenteric plexus (13, 14) with similar clinical, radiological and manometric manifestations, although some differences between the two conditions may be seen (16) . It is suggested that esophageal sensitivity decreases in these diseases (17, 18) , a fact that may change the UES response to different stimuli.
As the presence and movement of a manometric catheter in the UES reflexively increases sphincter pressure, our hypothesis is that in diseases with impairment of esophageal innervation the pressure response to the catheter movement is not the same as in normal subjects. Also, it is possible that the UES pressure of patients with esophageal dilation differs from that of patients who do not have esophageal dilation. The aim of this investigation was to compare the UES pressure measured by the rapid pull-through technique in normal volunteers, patients with Chagas disease and patients with primary achalasia.
Material and Methods
We studied 115 patients with a positive serological test for Chagas disease, 28 patients with a clinical, radiological and manometric diagnosis of primary achalasia (12) , and 40 healthy volunteers. The patients with primary achalasia had a negative serological test for Trypanosoma cruzi, no heart or colon diseases and did not live in places where Chagas disease was endemic.
The results of radiological esophageal examination in Chagas disease patients showed normal transit in 63 and abnormal transit in 52 patients. Of the latter patients, 10 had dilation and 42 did not (Table 1 ). All patients with primary achalasia (N = 28) showed esophageal retention of barium sulfate in the esophagus during radiological examination, with dilation in 14 and no dilation in 14. Normal volunteers ranged in age from 21 to 70 years, Chagas disease patients from 19 to 70 years and patients with achalasia from 19 to 69 years. Dysphagia was a complaint in all patients with achalasia, in 49% of patients with Chagas disease, and was absent in all volunteers (Table 1 ). Informed written consent was obtained from each volunteer and patient. The study was approved by the Human Research Committee of the Hospital das Clínicas of Ribeirão Preto.
For measurement of UES pressure we used a manometric method previously described (19, 20) with a round eight-lumen polyvinyl catheter measuring 4.5 mm in external diameter and 0.8 mm in internal diameter (Arndorfer Specialties Inc., Greendale, WI, USA). The four distal openings were at the same level, at 90 o angles, and were used to measure UES pressure. The four proximal openings were spaced 5 cm apart, also at 90 o angles. The lumens of the catheter were connected to an external pressure transducer (Model RP 1500, Narco Bio Systems, Narco Scientific, Houston, TX, USA) connected in turn to a four-channel physiograph (Model MK IV, Narco Bio Systems). The lumens were perfused with distilled water at a rate of 0.5 ml/min by low-compliance continuous perfusion. All volunteers and patients were studied in the supine position. The catheter was inserted through the nose into the stomach after an overnight fast. After the manometric examination of the lower esophageal sphincter and esophageal body (19, 20) the UES pressure was recorded using the four distal openings and the rapid pull-through technique. The subjects were instructed to stop breathing during the movement of the catheter, which was pulled by hand at the velocity of 1 cm/s by a trained technician. UES pressures were recorded in triplicate, with the intraesophageal pressure used as reference. The results were the mean of the three pressures measured at the site where they were highest, and the mean of the twelve values recorded.
The results are reported as mean ± SD. Analysis of variance and the Tukey-Kramer test for multiple comparisons were used for data analysis. Differences were considered to be significant when P<0.05.
Results
There was a considerable overlap of UES pressures between patients and volunteers ( Figure 1) .
The highest UES pressure in Chagas disease patients without abnormalities upon radiologic esophageal examination was higher than in normal volunteers (P<0.05, Table 2 ). There was no difference between the UES pressure of patients with primary achalasia and normal volunteers, or between patients with primary achalasia and patients with Chagas disease (P>0.05). There was no difference between groups when UES pressure was calculated as the average of the four directions, or when patients with or without esophageal dilation were compared (P>0.05). UES pressure tended to be higher in normal volunteers and in Chagas disease patients with normal radiologic examination aged 19-49 years than in subjects aged 50-70 years but the difference did not achieve sta-tistical significance (P>0.05, Table 3 ). In the group of subjects aged 19-49 years the UES pressure measured at the site with the highest pressure was higher in patients with Chagas disease and normal radiologic examination than in normal volunteers or patients with primary achalasia (P<0.05, Table  3 ). The average pressure of patients with primary achalasia was also lower than that of patients with Chagas disease and normal radiologic esophageal examination (P<0.05, Table 3 ). There were no differences in the group of subjects aged 50-70 years. 
Discussion
There were no differences in UES pressure between patients with similar esophageal involvement by Chagas disease and achalasia. These pressures also did not differ from those of normal volunteers. The patients with Chagas disease and no radiological esophageal abnormalities showed higher pressure than normal volunteers at the site with the highest UES pressure. In the 19-49 year group UES pressure was also higher than in patients with achalasia.
The UES is a tonically contracted segment with the resting pressure within the sphincter exibiting marked radial asymmetry (7, 21, 22) . The highest UES pressures are in the anteroposterior direction of the cricopharyngeal muscle (7, 21, 22) . With the catheter movement the muscle increases its tonus (7, 10) . The resting pressure shows considerable variation with environmental stimuli. The continuous rapid pull-through technique itself or water perfusion into the UES zone may stimulate the UES to contract (7) . The cricopharyngeal response to the stimulus may be different in patients with Chagas disease and minor esophageal involvement.
The cricopharyngeus muscle receives its motor nerve supply from the pharyngeal branch of the vagus (23) . The afferent sensory pathways from the pharynx and larynx that control swallowing travel via the glossopharyngeal, trigeminus, and vagus nerves to the nucleus tractus solitarius. Spinal afferents from the proximal esophagus, although sparse, arise from cervical and dorsal root ganglia (11) . Some sensory structures are Table 3 -Effect of age on upper esophageal sphincter pressures (mmHg) of two groups of normal volunteers, patients with Chagas' disease and patients with primary achalasia, measured at the site with the highest pressure and as the average of the four sites where the pressures were measured.
Data are reported as mean ± SD. *P<0.05 vs volunteers; **P<0.01 vs Chagas with normal radiology; + P<0.05 vs Chagas with normal radiology (Tukey-Kramer test). located in the ganglia of the myenteric plexus (11) .
The pressures recorded in the UES arise from two sources: contraction of the sphincter muscle and passive elastic forces generated in the tissues in and around the sphincter (10, 11) . Because the UES is composed of striated muscle, its level of tonic contraction depends upon the activity of the somatic nerves supplying it (3, 11) . The greater the neural input, the more intense the spike activity recorded on the electromyogram (EMG) and the greater the tone (3, 11) .
The response of the UES to intraesophageal air infusion in patients with achalasia differs from the response in normal subjects (24) . UES pressure decreases after intraesophageal air infusion in normal subjects whereas it increases in patients with achalasia, trapping the air inside the esophagus (24) . In patients with megaesophagus consequent to Chagas disease intraesophageal water infusion increases intraesophageal and UES pressure (25) . During swallowing, increased residual pressure in the UES and reduction in the duration of UES relaxation occur in patients with achalasia (26, 27) . Our personal observations suggest that the same abnormalities are present in patients with megaesophagus caused by Chagas disease, but we do not have enough reliable data to reach any conclusion. Some patients with achalasia may have a serious problem with UES relaxation (28, 29) .
The most striking abnormal microscopic finding in the esophageal body of cases of primary achalasia and Chagas disease is a significantly lower number or total absence of myenteric ganglion cells in the proximal and distal esophagus compared with normal controls (13, 14) . We do not know of any studies about the innervation of the UES in achalasia or Chagas disease. Some publications have suggested that esophageal sensitivity may be partly impaired by the diseases (17, 18) , a fact that could change the UES response to the catheter movement. We did not find differences in UES pressure in patients with esophageal dilation, who have more intense denervation (14) , compared with patients without dilation and normal volunteers, an indication that the sensitivity controlled by the myenteric plexus should have no influence on the UES pressure of these patients. Studies that made reference to UES pressure in achalasia did not find differences in UES pressure from normal subjects (24, 26, 27) . In Chagas disease one study described a low UES pressure measured by the rapid pull-through technique in patients with more marked esophagopathy (30).
We do not have an explanation for the higher pressure found in patients with Chagas disease and minor esophageal involvement. One hypothesis is related to the premise under which these patients were studied. The patients with known esophageal disease already knew there was something wrong with their esophagus. Findings on manometry may therefore cause less anxiety. However, Chagas disease patients without dysphagia and with no radiologic abnormality might have been more anxious, a situation which can increase UES pressure (4) . Since UES pressure is dependent on the electrical activity of the cricopharyngeus muscle (3) we speculate that these patients may have a more marked increase in EMG activity during UES pressure measurement than volunteers. These patients show changes in esophageal motility, at times corresponding to complete aperistalsis (31) or simultaneous contractions (32) , showing that they have some degree of esophageal denervation.
Although the groups of patients had different gender proportions, the group of normal volunteers showed that there is no gender effect on UES pressure (20) . In agreement with previous reports showing that the aging process decreases UES pressure (33), we found a lower pressure in subjects over 50 years than in subjects under 50 years, but the difference did not achieve statistical significance.
We did not find differences in UES pressure between normal volunteers, patients with Chagas disease and patients with primary achalasia, as determined by the rapid pullthrough technique, except for patients with minor manifestations of esophageal involvement by Chagas disease, when UES pressure at the site with the highest pressure was higher than the pressure of normal volunteers and patients with primary achalasia.
